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ABSTRACT 


The proper mapping in case of allocation of available tasks among particles 
is a challenging job to accomplish. It requires proper procedural approach 
and effectual algorithm or strategy. The deterministic polynomial time for 
task allocation problem is relative. The existence of proper and exact 
approach for allocation problem is void. However, for the survival of the grid 


and executing the assigned tasks, the reserved tasks need to be allocated 
equally among the particles of the grid space. At the same time, the applied 
model for task allocation must not consume unnecessary time and memory. 
We applied Particle Swarm Optimization (PSO) for allocating the task. 
Additionally, the particles will be divided into three clusters based on their 
energy level. Each cluster will have its own cluster header. Cluster headers 
will be used to search the task into space. In a single cluster, particles 
member will be of same energy level status such as full energy, half energy, 
and no energy level. As a result, the system will use the limited time for 
searching task for the remaining tasks in it if a particular task requires 
allocating half task to a particle. 
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1, INTRODUCTION 

Task allocation problem in the grid computing is a NP-Complete problem [1], [10]. No obvious 
solution is available for any NP-Complete problems. Task allocation in grid computing plays a vital role in 
terms of executing the job and further scheduling of the job. 

The growth of system throughput is proportional to the effective task allocation model [2]. 
A smarter algorithm for task allocation’s most advantageous result in polynomial time doubtfully exists [3]. 
Therefore, optimal solution strategies must be intelligent as well as fast and energy & memory saving. 

PSO 1s an algorithm that follows a collaborative population-based search model [4]. Each individual 
node of the entire population called particles; those roam around in a 2D or 3D space. The objective of those 
particles is to look for the optimal solution within the multidimensional space. Particles have the capabilities 
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of adjusting and finding the best optimal point based on their own and neighborhood particles’ knowledge. 
Based on that knowledge they move towards their own best position point or neighbors’ best position point 
on the space. PSO act is calculated according to a predefined fitness function [5]. 

This paper is the upgraded version of [6]. Where we have shown how the fuzzy logic can be used for 
allocating the task in full and half status among the ants or particles with availability of full, half or no energy 
level status. However, we have not focused on effective searching technique for finding the task within the 
grid in a short amount of time. In this paper, we are going to use PSO as our searching technique of available 
task as well as we will show how the cluster depends on energy level of the particles effects the task 
allocation procedure. 


2. LITURATURE REVIEW 

In [7], heuristic algorithm called PSO algorithm is proposed for the task assignment problem for 
homogeneous distributed computing systems. The performance of PSO algorithm is evaluated in comparison 
with well-known GA algorithm for a number of randomly generated mapping problem instances. The results 
showed that the PSO algorithm solution quality is better than that of GA in most of the test cases. 
An improved discrete particle swarm algorithm is proposed in [8] to solve task assignment problem in 
distributed computer system. In [8], they redefine the coefficient multiplying velocity operator in discrete 
particle swarm with probabilistic selection for velocity and derive a redefined position updating formula. 
The position vector is transformed from the continuous values to the discrete values based on SPV (small 
position value) rules, accordingly, a permutation formed in [9]. Approach of [10] 1s to generate an optimal 
schedule to complete the tasks in a minimum time as well as utilizing the resources in an efficient way. 
A version of Discrete Particle Swarm Optimization (DPSO) algorithm for grid job scheduling is used in [10]. 
Scheduler of [10] aims at generating feasible solutions while minimizing makespan and flowtime 
simultaneously. 

According to [11], a pheromone-based task allocation and coordination control scheme was 
introduced. Based on pheromone technique, a prototype implementation system is established to coordinate 
and control a hybrid shop floor control system. A load balanced task allocation algorithm on social spider 
optimization is proposed in [12]. The algorithm first balances the load before it schedules the transactions to 
the appropriate nodes in the grid environment. 


3. FORMAL PROBLEM DEFINATION AND BACKGROUND 

We have shown each individual particle search for the task in the space. However, this approach has 
a problem lies in it. Suppose, system is planned to allocate a “FULL TASK” status task T among the particle. 
A particle P with half energy level status arrived and requested for the task. According to algorithm, 
the existing full task will be split into half (T/2) and will be allocated to P. For rest of the half task, system 
will again start searching for allocating rest of the half part. According to this approach, for allocating a 
single task system need to search twice and that is wastage of time and memory of the grid. 


4. PROPOSED METHOD 

We have shown how to allocate the task within a minimum time but for searching the tasks 
effectively, we have not shown any approach. The PSO is the one of the best solution for searching the task 
within a grid. Many models are been proposed already that we mentioned in our literature review section. 

According to our proposed model. The particles or nodes are in different states of energy level. 
Therefore, by using PSO we are going to make three clusters based on the energy level of the particles. 
The clusters will be Full Energy Cluster (FEC), Half Energy Cluster (HEC) and No Energy Cluster (NEC). 
Each cluster will have a header called Energy Cluster Header (ECH). At the global neighborhood level, 
the particles will individually search for the geographical head of the cluster. The head will store the 
information about the energy level of the cluster. Initially three heads will be defined by the system. 
One head will be responsible for gathering the particles who has the full energy available. Rest of the two 
heads will store the information of all particles that is in half and no energy level state respectively. 

Primarily, based on the energy level, a particular particle will search for the geographical head that 
is shown in Figure 1. Within a period, all particles will be gathered at their designated cluster shown in 
Figure 2. Then the cluster will search for the task to be assigned from the system shown in Figure 3. 

The particles will follow the movement of its own geographical head. When a head of a cluster will 
be assigned a task, by using fuzzy logic a full task can be divided into two similar half tasks shown 
in Figure 4. 
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Let us assume a scenario, where we have a geographical head for half energy level particle hjgy. 
Under /yqy there are three particles are available, they are p;, p2 and p3. The /y,qy searched for the “full task” 
level task t; using PSO. However, the particles have half energy available in them. Therefore, at this moment 
t, will be split into half two tasks and will be assigned to p; and p>. Now both particles p; and p2 are in No 
Energy Level state. As a result, they will start searching for the No Energy Level geographical head and these 
procedures will be repeated and continued until all tasks are finished executing by the particles. 


. a Le) 


de 


Figure 2. Three particles found HEC 


HALF HALF 
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Figure 3. HEC searched and found a FULL TASK Figure 4. Because of HEC, Task splits in half and all 
parts of the tasks assigned to p; and p to execute 


5. METHODOLOGY 
a) PSO for Particles 

According to our proposed method, initially the particles will is randomly deployed into the space. 
Then they search for the Energy Clusters Head (ECH) based on their energy level. At the beginning all, 
the particle will consist of full energy. Therefore, they start searching for the Full Energy Cluster Head 
(FECH). After converging, the FECH start searching for available tasks available into the space. At this 
section, we are using the simple PSO algorithm for searching ECH. Algorithm is demonstrated in Figure 5. 


Inputs for Algorithm 


Particletotai, SiZ€ problem 
Random Initial Particle Position Pos} = Randomposition (Particle ota) 
[Vk EN: f(iteration) and i= (1,2,3...N) ], 
ACoeff; = ACoeff)=L Initial Velocity V‘=0, 
My‘ ves,i= Band Global pesx=B, maximum iteration Kmax 


The Algorithm 
. For each particle FOR (i=1 to Particle totai) 


ad. Set v*=0, Pos = Randompocition (Particle tia) 


M 3 est,i— k K 
Y best, { My het If f> My best,i 


Find global best , k , ke 
Globalis snin POS; If fi< POS; j 


Set a Random number 7 and 7 within [0,1] 
Update the velocity of particle to find the ECH using, 
Vie + (ACoeff; * 197) (My pes: - Posi) + +(ACoeffr * 42) 
(Global ae - Pos‘) (A) 
Update the particle’s position towards the ECH using, 
Poss = Pos? +V". -Q) 
Find the objective function value 
Update the iteration (k) value 
Return global best value, return Globalpes; 
Stop iteration if all particles converge to similar values or 
reached to the Kinax 
11. Setaconverge flag value on ECH 
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Figure 5. Algorithm for searching ECH by particles 
According to the algorithm of Figure 5, all the particles reach towards their designated ECH. If all 
particles reached to the ECH, then the ECH start searching for tasks using PSO algorithm. 


b) PSO for ECH 

ECH has particles as followers. The movement of the particles 1s dependable on the movement of 
ECH. Based on the flag value ECH understands that all possible particles has arrived to the cluster and now 
start searching for task start using following PSO algorithm demonstrated in Figure 6. 


Inputs for Algorithm 


Particle tora, SiZ€probiem 
Random Initial ECH Position Pos‘ = Randomyosition 
(Particle pta)"[V k EN : f(iteration) and i= (1,2,3...N) ], 
ACoeff; = ACoeff2=1, 
Initial Velocity V;=0,My'yes,i= and Global pey=D 
maximum iteration Ky, task status Task; where Task; = {full 
task Fr, half task Fry }; 
energy level status of particle PAR eng, = {Full Energy Engrr 
Half Energy Engry and No Energy Engry}, fuzzy (Task;, 
PAR eng; ) 
The Algorithm 
1. For each ECH FOR (i=1 to Particle jojqi) 
a. Set V;‘=0, Pos;* = = RandomMyosition 
(Particle jotai) 


My esti { My ae ai i> My ewe 


Find global be Pos;'; If fii< Pos; 


Global pes; = min { My‘ pest i} 


Set a Random number 7; and 72 within [0,1] 
Update the velocity of particle to find the ECH 
using, 
Vi, = Vii + (ACoeff; * 191) (My" bes, - Posi’) + 
(ACoeff; * 92) (Global pes, - Pos;') (3) 
Update the particle’s position towards the ECH 
using, 
Pos;*' = Pos + Vi"; (4) 

Find the objective function value 
Update the iteration (k) value 
Return global best value, return Globalpes, 

. Stop iteration if all particles converge to similar 
values or reached to the K,nax 

. Get the task from system and find the status of the 
task & required energy level. 

. Distribute the assigned tasks using fuzzy (Task, 
iz A Rengr ) 





Figure 6. Algorithm for searching and distributing tasks by ECH 


Under the computation grid, we have assigned forty swarm particles. In simulation environment, 
the maximum iteration was set to 100. Upper bound and lower bound was 1.0 and 0.0 respectively. 
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6. RESULT AND DISCUSSION 

For implementation our algorithm we coded basic particle swarm optimization algorithm using 
JAVA. Run under a machine with configuration of Intel Penttum (R) CPU G630 @ 2.70GHz, 2GB memory 
and OS Windows 10. To measure the efficient searching of the task we measured the iteration number for 
converging to the similar values by particles and ECHs. 

The iteration number is high if we deploy individual particles for searching tasks among the space. 
On the other hand, the iteration number decreases in terms of using the ECHs for searching the tasks on the 
space. For Individual Particle following function is used and tried to find x and y that minimize the function: 


f & y) =(3.1482-x 4x * yl + (281 -x4x*y) 4+ (3.2-x4+x%y/ (5) 


Where, | <x <4, and-I <y<l. 

The simulation is done using Eclipse, Version: Neon.3 Release (4.6.3). For both algorithm the setup 
of individual particle is same. However, space is different that is defined by functions. Setup for Individual 
Particles: 

Swarm Particles = 40 
Maximum Iteration= 100 
Dimension of the Problem = 2; 
Value C, = 1.0; 

Value of C, = 1.0; 

Upper bound Value = 1.0; 
Lower bound Value = 0.0; 

The Figures 7. and 8., show the execution trace of PSO algorithm for individual particle. 
The simulation took ninety-nine iterations to find the converging point. At 99" iteration the best of X is 
2.9769656985602913 and Y is -0.08295184247553182. For ECH, we used following function and tried to 
find x and y that minimize the function: 


m~meaoge 


f & y) = (3.229 -x +x * y4)2 + (2.528 -x +x * y2)2 + (2.29 -x + x*y)2 (6) 


Where | <x <4, and -1 < y<1 

The Figures 9. and 10. show the execution trace of PSO algorithm for ECH particle. The simulation 
took eighty-four iterations to find the converging point. At 84" iteration, the best of X is 3.115943660339216 
and Y is 0.31551574685964867. 











Tere Vere eee rere ee 


eee i 3. 2038773837611463 ITERATION 96; 
Best Y: @.@5751476216198248 et Sone ee 
Value: @.18254954021304283 Best Y: -@.08295184228739323 


ITERATION 1: Value: @.05139792381024267 
Best X: 3.2038773837611463 ITERATION 97: 
Best Y: @.05751476216198248 Best X: 2.9769656984743076 
Value: @.18254054021304283 Best Y: -@.08295184228739323 
ITERATION 2: Value: @.05139792381024267 
Best X: 3.1494665776061512 ITERATION 98: 


Best Y: @.@4522497682175752 


Value: @.1481438466733@555 speak hag: eee 


Best Y: -@.08295184228739323 


ITERATION 3: 
EE a ee Value: @.05139792381024267 
Best Y: -@.033801158045306826 ITERATION 99: 
Value: @.06517279335951089 Best X: 2.9769656984743076 
ITERATION 4: Best Y: -@.08295184228739323 
Best X: 3.@0196336345755554 Value: @.05139792381024267 


Best Y: -@.@33801158045306526 

Value: @.@6517279335951889 
ITERATION 5: 

Best X: 3.0196336345755554 

Best Y: -@.035601155045306526 

Value: @.06517279335951089 


Solution found at iteration 99, the solutions 
Best X: 2.9769656984743076 
Best Y: -@.08295184228739323 




















Figure 7. Sample of iterations from 0 to 5 when Figure 8. Sample of iterations from 96 to 99, X & Y 
individual Particles searching for tasks values and solution for Best X and Y when 
individual particle searching for tasks 
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ITERATION @: 
Best X: 3.3017358808793635 
Best Y: @.4139472915500093 
Value: @.16987112758869372 
ITERATION 1: 
Best X: 3.3017358808793635 
Best Y: @.4139472915500093 
Value: @.16987112758869372 
ITERATION 2: 
Best X: 2.9034408292700427 
Best Y: @.25695400249496775 
Value: @.1657360671925348 
ITERATION 3: 
Best X: 3.1853846250773206 
Best Y: @.28335111972856475 
Value: @.16547909159257737 
ITERATION 4: 
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ITERATION 8@: 
Best X: 3.1159436569252788 
Best Y: @.31551574645750446 
Value: @.12257047563535864 
ITERATION 81: 
Best X: 3.1159436569252788 
Best Y: @.31551574645750446 
Value: @.12257047563535864 
ITERATION 82: 
Best X: 3.1159436569252788 
Best Y: @.31551574645750446 
Value: @.12257047563535864 
ITERATION 83: 
Best X: 3.1159436569252788 
Best Y: @.31551574645750446 
Value: @.12257047563535864 
ITERATION 84: 


831 


Best X: 3.1159436569252788 
Best Y: @.31551574645750446 
Value: @.12257047563535864 


Best X: 3.140026259266341 

Best Y: @.378825505239871355 

Value: @.16491476297317303 
ITERATION 5: 

Best X: 3.140026259266341 

Best Y: @.378825505239871355 

Value: @.16491476297317303 


Solution found at iteration 84, the solutions is: 
Best X: 3.1159436569252708 
Best Y: @.31551574645750446 




















Figure 9. Sample of iterations from 0 to 5 when ECH — Figure 10. Sample of iterations from 80 to 84, X & Y 
searching for tasks values and solution for best X and Y when ECH 
searching for tasks 


Result shows the ECH particles can find the task faster than the individual particles. In case of 
individual particles, when it gets the task, in the case it will have limited memory. 

If a task required full energy level to complete and the particle has only half energy available, 
then the optimal solution of task allocation not possible to achieve. Because, the system needs to waste time 
to find another particle that has half or full energy state. 

On the other hand, the main benefit of ECH 1s, system does not need to waste time for searching the 
other particles for assigning the task. In this situation, system will easily find another desired particle within 
the cluster. 

If the cluster is Full Energy Cluster (FEC) than system does not need to find another particle, 
because task required full energy. On the other hand, if the cluster is Half Energy Cluster (HEC), then system 
will be able to assign rest of the half task to another particle that is the member of that same HEC. 

Our proposed cluster based algorithm is 15.16% efficient that is shown in Figure 11. The blue bar 
represents the number of particles that is 40 and red bar represents the total time requires in second to 
allocate tasks among those 40 particles. The algorithm without the energy cluster system needs 99 seconds 
(assume, | iteration = 1 second). On the other hand, the algorithm with the energy cluster system needs 84 
seconds. Therefore, the result indicates that task allocation can be completed within a minimum number of 
iteration and short time. 

On the other hand, Figure12 clearly illustrates that our EC based PSO algorithm is performing better 
than Discrete Particle Swarm Optimization (DPSO) and PSO. Where DPSO and PSO needed 50 and 7.9 
iterations but our proposed EC based PSO needed only 2.1 iterations for each particle. 
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Figure 11. Efficiency of the proposed algorithm 
using Energy Cluster (EC) 


Figure 12. Comparison of number of iteration for 
each particle with other PSO Algorithms 
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7. CONCLUSION 

In this paper, we build an algorithm where initially particles try to find the header of different energy 
status based cluster within the space. Then energy clusters start searching and executing the tasks. 
During allocation, system does not waste time to find another particle with desired energy level within 
the space. 

The particle, which satisfies the energy level status, will be found as a member of the energy cluster. 
So, the task allocation among the particles become efficient and time consumption is minimized effectively. 
Further research can be done for allocating task in three-dimensional spaces. We did not focus on the issue 
whether task allocation can be done by system itself or by the energy cluster header. 
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